Deeply Virtual Compton Scattering at JLab Hall A 
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The deeply virtual Compton scattering reaction has been investigated in the Hall A of 
the Jefferson Laboratory by measuring longitudinally polarized (e, e'7) cross sections, 
in the valence quark region, for protons and neutrons. In the proton channel, exper- 
imental results strongly support the factorization of the cross section at Q 2 as low as 
2 GeV 2 , opening the path to sytematic measurements of generalized parton distribu- 
tions (GPDs). In the neutron case, preliminary data show sensitivity to the angular 
momentum of quarks [T]. 

1 Introduction 

Over the ten past years, deeply virtual Compton scattering (DVCS) became the most promis- 
ing process to explore the partonic structure of the nucleon [21 [3] . Similarly to the diffusion 
of light by a cristal, which tells about the internal structure and organization of the material, 
the scattering of energetic photon off the nucleon in the Bjorken regim (Q 2 >> M 2 and 
t << Q 2 ) allows to access the generalized parton distributions (GPDs) which describe the 
quark and gluon structure of the nucleon [4J [5] . GPDs correspond to the coherence between 
quantum states of different (or same) helicity, longitudinal momentum, and transverse posi- 
tion and can be interpreted in the impact parameter space as a distribution in the transverse 
plane of partons carrying longitudinal momentum fraction x [6l [Jj [8] . The GPD framework 
provides a comprehensive picture of the nucleon structure which unifies within the same 
formalism form factors, structure functions, and partons angular momenta [S]. 

In the Jefferson Laboratory (JLab) energy range, the Bethc-Hcitler (BH) process, where 
the real photons are emitted either by the incoming or the scattered electrons, contributes 
significantly to the cross section of the electro-production of photons. However, the BH 
process is well-known and exactly calculable from the electromagnetic form factors of the 
nucleon. Then, similarly to holography technique, the BH process is used as a reference am- 
plitude which interferes with the DVCS amplitude and magnifies the underlying effects [TO] . 
In JLab Hall A, two experimental observables have been investigated: the total (e, e'j) cross 
section 

dQ 2 dx B ld^ = T »» + V*™ I 2 + *T»*** { T DV cs) , (1) 
and the difference of polarized (e, e'7) cross sections for opposite longitudinal beam helicities 
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While the former gives access to the real part of the DVCS amplitude, that is the integral 
of a linear combination of GPDs convoluted with a quark propagator, the latter is a direct 
measurement of its imaginary part, which relates to a linear combination of GPDs in the 
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handbag dominance hypothesis [TT] . A dedicated experimental program [T3J [T3] was set 
to investigate the DVCS reaction off the proton and off the neutron, with the aim to test 
factorization in the proton channel and to explore the sensitivity of the neutron channel to 
E q , the least known and constrained GPD. 

2 Experimental apparatus 

A 5.75 GeV/c longitudinally polarized electron beam impinged on 15 cm liquid H2 and D2 
cells, the latter serving as quasi-free neutron target. Scattered electrons were detected in 
the left High Resolution Spectrometer (HRS-L) [2] for several Q 2 and constant xb=0.36. 
Real photons were detected in a PbF2 electromagnetic calorimeter organized in an 11x12 
array of 3x3x18.6 cm 3 crystals centered around the direction of the virtual photon. The 
calorimeter front face was 110 cm from the target center supporting the useful t acceptance 
-0.5 GeV 2 < t. Typical beam intensities of 4 /iA yielded a 4xl0 37 cm _2 -s _1 luminosity with 
76 % polarized electrons. Three independent reactions were used to calibrate and monitor the 
calorimeter: H(e, e' Cak) Phbs), D (e,e' Calo TT- RS )pp, and H,D(e, e' HRS ir^ alo )X [15]. It should 
be emphasized that 7Th RS and 7r^ alo data are taken simultaneously with DVCS data, ensuring 
a continuous monitoring of the calibration and the resolution of the calorimeter. 



3 Factorization in p-DVCS 

The polarized cross section difference 
(Eq. [2J for DVCS off the proton (p-DVCS) 
was measured at three different Q 2 ranging 
from 1.5 GeV 2 to 2.3 GeV 2 [Mj, and was 
analyzed according to the harmonic struc- 
ture derived in Ref. [TT]. The sin(0) and 
sin(2</>) harmonic coefficients (or moments) 
have been separated. In the context of 
this experiment, the kinematical factors en- 
tering the square of the DVCS amplitude 
suppress its contribution to d 5 S as com- 
pared to the BHDVCS interference ampli- 
tude, leading to a direct measurement of 
^m{Tuvcs}- The sin(</>) moment corre- 
sponds then to the imaginary part of the 
linear combination C 1 (J-) (Eq. [3]) of the 
Compton form factors (CFFs) 7i, H, and 
£ which relate to GPDs [UJ: 
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Figure 1: Q 2 and t dependences of the 
GPDs linear combination extracted from 
(un)polarized p-DVCS cross sections [16]. The 
different curves (right panel) are theoretical 
calculations from a GPD based model [19] . 



C I (T)=F 1 H + ti(Fi+F 2 )H-j K ^F 2 £ . (3) 

Figure [T] shows the Q 2 dependence of the twist-2 (Eq. [3]) and twist-3 (Srap 7 ^^)]) har- 
monic coefficients of d 5 S: the observed independence on Q 2 is an indication for factorization. 
Furthermore, the contribution of the twist-3 terms to <i 5 £ was found to be small [TB]. These 
features are a strong indication that factorization applies even at Q 2 as low as 2 GeV 2 . 
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4 Importance of the DVCS amplitude 
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The unpolarized H(e, e ,r y)p cross section was also 
measured at the highest Q 2 point. Neglect- 
ing the DVCS-DVCS term, the real part of the 
DVCS amplitude (Eq. QJ was extracted accord- 
ing to the harmonic structure of Ref. [TTj . This 
leads to a cos(^) and cos(2^>) dependence, the 
gluon contribution - which would appear as a 
cos(3</>) term - being negligible in the valence 
quark region. Experimental data (points) are 
shown on Fig. [2] as a function of 4> for the small- 
est |i -bin. The red curve fitting the data is the 
sum of the different contributions to the cross 
section: deviations from the pure BH amplitude 
(blue solid curve) shows that the DVCS ampli- 
tude contributes significantly to cPer. This fea- 
ture suggests that one should pay attention to 
the ^-dependence of the denominator when ex- 
tracting GPDs from beam spin asymetries. 
In addition to the real part of the CFFs combi- 
nation of Eq. [3l the extracted harmonic coefficients give access to the combination 
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Figure 2: The </>-dependence of the <i 4 cr 
differential cross section (Eq.Q] integrated 
over <j> e ) in nb/GcV 4 at Q 2 =2.3 GeV 2 , 
decomposed in BH and DVCS contribu- 
tions [TBI. 



C\F) + AC'iT) = FiH - j^pF 2 £ - £ 2 (Fi + F 2 )(H + £) 
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which is independent of Ti.. As for <i 5 E, the contribution of twist-3 terms to d 5 a was found 
negligible, supporting again factorization [TO] , 



5 Hunting quark angular momentum with n-DVCS 



Measuring the DVCS polarized cross sec- 
tion difference on a neutron target (n- 
DVCS), one can access, similarly to the 
proton, the combination of Eq. [3l Be- 
cause of the smallness of the Dirac form 
factor and the cancellation between the 
polarized u and d quark distributions in 
Ti., Eq. [3] is dominated by the £ contribu- 
tion. This spin- flip GPD, which cannot 
be constrained by deep inclusive scatter- 
ing, is of particular importance in Ji's sum 
rule leading to the quark angular momen- 
tum [5]. The n-DVCS cross section differ- 
ence d 5 S was deduced from the subtrac- 
tion of hydrogen data to deuterium data at 
Q 2 = 1.9 GeV 2 and x s =0.36 [17]. The re- 
maining coherent (d-DVCS) and incoher- 
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Figure 3: i-dependence of the sin(</>) moments 
of the n-DVCS reaction [J5]. The different 
curves correspond to GPD based calculations 
for different values of the u and d quarks con- 
tributions to the nucleon spin. 
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cnt (n-DVCS) contributions were extracted taking advantage of their AMj c =—t/2 kine- 
matical separation |18| in the reconstructed squared missing mass, and the twist-2 (Eq. [3]) 
harmonic coefficient was obtained for several t values, neglecting the higher twist contribu- 
tions as supported by p-DVCS data. Figure [3] p~5] shows the i-dependence of the sin(</>) 
moments extracted for the n-DVCS channel. They appear to be globally compatible with 
zero. The comparison to GPD based model calculations [19] shows the sensitivity of the 
present data to the contribution of the u and d quarks to the nucleon spin. 

6 Conclusions 

The DVCS experimental program at JLab Hall A delivered its first results: the factorization 
of the cross section was observed, and the power of neutron targets to reach quark angular 
momenta was proven. These features open unambiguously the era of systematic measure- 
ments of generalized parton distributions in DVCS processes at JLab 6 GeV, and 12 GeV 
in a near future. 

Acknowledgments 

This work was supported in part by DOE contract DOE-AC05-06OR23177 under which 
the Jefferson Science Associates, LLC, operates the Thomas Jefferson National Accelerator 
Facility, the National Science Foundation, the French Atomic Energy Commission and the 
National Center for Scientific Research. 

References 

[1] Slides: 

http: //indico . cern. ch/contributionDisplay . py?contribId=89&sessionId=12&conf Id=9499 

[2] M. Dichl, Phys. Rep. 388 41 (2003). 

[3] A.V. Bclitsky, A.V. Radyushkin, Phys. Rep. 418 1 (2005). 

[4] X. Ji, J. Osborne, Phys. Rev. D 58 094018 (1998). 

[5] J.C. Collins, A. Freund, Phys. Rev. D 59 074009 (1999). 

[6] M. Burkardt, Phys. Rev. D 62 071503 (2000). 

[7] M. Dichl, Eur. Phys. Jour. C 25 223 (2002). 

[8] A.V. Belitsky, D. Muller, Nucl. Phys. A 711 118c (2002). 

[9] X. Ji, Phys. Rev. Lett. 78 610 (1997). 

[10] J. P. Ralston, B. Pirc, Phys. Rev. D 66 111501 (2002). 

[11] A.V. Belitsky, D. Muller, A. Kirchner, Nucl. Phys. B 629 323 (2002). 

[12] P.Y. Bcrtin, C.E. Hyde- Wright, R. Ransome, F. Sabatic et al, JLab Proposal E00-110 (2000). 

[13] P.Y. Bcrtin, C.E. Hyde- Wright, F. Sabatie, E. Voutier et al, JLab Proposal E03-106 (2003). 

[14] A. Alcorn et al, Nucl. Inst. Mcth. A 522 294 (2004). 

[15] M. Mazouz, Doctorat Thesis, Universite Joseph Fourier, Grenoble (France), 2006. 

[16] C. Munoz Camacho et al, Phys. Rev. Lett. 97 262002 (2006). 

[17] M. Mazouz et al, to be submitted to Phys. Rev. Lett. 

[18] M. Mazouz, Nucl. Phys. A 782 41c (2007). 

[19] M. Vanderhaeghen, P.A.M. Guichon, M. Guidal, Phys. Rev. D 60 094017 (1999). 



DIS2007 



